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ABSTRACT 


Caloulationa  and  analyaea  were  performed  to  evaluate  the 
radiological  haaarda  aaaooiated  with  the  uae  of  a  contained 
underground  fiaaion  detonation  for  the  propulsion  of  large  apaoe 
platforma.  This  inveatigation  included  a  study  of  fission  product 
release f  neutron  induced  activity,  ground  water  contamination, 
chemical  reactions,  decontamination  and  oloaure  meohaniama.  Ana¬ 
lytical  results,  representing  extreme  conditions,  were  obtained 
for  a  defined  reference  system. 

The  hey  to  control  of  the  environmental  hazard  in  the 
OASP  system  is  the  closure  mechanism  -  if  operating  properly,  the 
ryidiological  hazard  ia  acceptable  but  upon  failure,  the  hazard  may 
be  aubstantial. 
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INTRODUCTION 


A  study  of  radioactive  contamination  effects  resulting 
from  an  underground  nuclear  detonation  was  initiated  on  February 
13,  1960,  under  contract  NONR-3O95-CO0j  between  the  Office  of 
Naval  Research  and  the  Cross-Malaker  Laboratories,  Inc,,  a  sub¬ 
sidiary  of  the  Cross  Company,  The  prime  objective  of  the  study 
•  was  to  investigate  and  evaluate  the  radiological  hazard  associated 
with  the  launching  of  a  space  vehicle  employing  an  underground 
shaft  and  a  contained  nuclear  detonation  as  proposed  in  Project 
CASP. 
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SUMMARY  &  CONCLUSIONS 


Under  active  investigation  is  the  feasibility  of  utilizing 
an  underground  nuolear  detonation  as  a  means  of  aooelerating  large 
masses  to  achieve  orbital  velocities.  The  feasibility  studies^ 
to  date,  of  the  Ground  Aooelerated  Spaoe  Platform  (GASP)  Project 
are  encouraging.  Independent  of  engineering  feasibility  are  the 
health  and  safety  aspects  of  suoh  a  proposal.  The  present  in¬ 
vestigation  was  undertaken  to  evaluate  the  radiological  hazards 
associated  with  Project  GASP, 

Since  design  studies  have  not  established  definite  oharac- 
teristios  of  the  GASP  System,  an  arbitrary  reference  system  was 
selected  in  this  study  as  a  basis  for  evaluating  the  hazards,  A 
one  (1)  kiloton  nuclear  charge  was  assumed  in  the  reference 
system.  This  affords  relatively  easy  extrapolation  of  environ¬ 
mental  radiation  levels  for  larger  yield  detonations,  A  U-835 
fission  process  in  contrast  to  a  fusion  reaction  was  selected  in 
this  study.  The  use  of  a  thermonuclear  explosion  would  greatly 
reduce  the  fission  product  activity  and  the  associated  radio¬ 
logical  hazards. 

Invariably,  some  of  all  of  the  propellant  gas  will  be 
released  from  the  shaft  of  the  system  following  the  launching  of 
the  projectile.  In  harmony  with  the  widely  supported  policy  of 


reducing  airborne  oontamination  for  the  protection  of  the  health 
and  safety  of  the  public,  it  is  extremely  desirable  to  reduce 
the  quantity  of  fission  products  escaping  into  the  atmosphere. 
For  this  and  other  reasons,  some  means  of  preventing  total  es¬ 
cape  of  the  gases  should  be  incorporated  in  the  OASP  design. 
There  are  a  number  of  approaches  possible,  some  of  which  are 
contained  herein.  For  purposes  of  discussion,  a  closure  device 
has  been  included  in  the  reference  system.  The  device  will  seal 
the  top  of  the  shaft  after  passage  of  the  vehicle,  thereby  pre¬ 
venting  the  escape  of  the  bulk  of  the  propellant  gas.  Since 
the  design  of  the  facility  has  not  been  finalized  and  because 
of  the  uncertainties  as  to  the  behavior  of  the  propelling  gas, 
calculations  were  performed  assuming  various  fractions  of  gas 
escape.  In  some  of  the  analyses  a  release  percentage  of  ,08^ 
was  selected,  A  '^^.scussion  of  the  basis  for  this  selection  has 
been  included  in  the  text. 

The  mode  of  release  of  the  gases  may  be  simulated  for 
purposes  of  analysis  by  three  general  release  mechanisms.  These 
are  (l)  a  relatively  slow  release,  (8)  a  release  from  an  under¬ 
ground  detonation,  and  (3)  an  instantaneous  release  similar  to 
a  Jet,  The  particular  mode  of  release  which  occurs  depends  on 
a  number  of  indefinite  circumstances.  Therefore,  an  evaluation 
of  the  above  three  meoTiantsms  of  release  should  cover  the  range 
of  possibilities. 
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A  32 Oh)  release  might  ooour  upon  a  oontrolled  release  of 
the  gas  subsequent  to  treatment  for  fission  product  removal,  A 
minor  failure  such  as  a  small  breach  in  the  shaft  lining  uiould 
be  another  example.  In  any  oasSf  the  fraotional  release  of 
fission  products  will  be  less  than  100^,  A  release  of  0,08^  of 
the  fission  produots  was  assumed  for  oontrollable  oases  and  1% 
for  minor  failures.  The  wind  velocity  and  local  meterologioal 
conditions  play  significant  roles  in  determining  the  radiological 
hazard.  Under  the  worst  meteorological  conditions^  neglecting 
washout,  and  a  release  of  1%  of  the  fission  products,  an  exclusion 
radius  of  about  4  miles  appears  satisfactory  to  proteot  the  health 
and  safety  of  the  public.  The  radiation  dosage  should  be  less 
than  85R  outside  of  this  area.  Direct  radiation  is  the  prime 
contributor  to  the  total  dosage.  Therefore,  the  contribution  of 
the  fallout  in  estimating  the  exclusion  sone  was  neglected. 
Calculated  results  clearly  show  the  importance  of  scheduling  the 
launchings  under  favorable  meteorological  conditions.  However, 
it  may  be  imperative  to  perform  a  launching  in  inclement  weather. 
The  results  presented  for  unfavorable  meteorological  conditions 
should  be  consulted  to  aid  in  the  evaluating  the  additional 
hazard. 


Attempts  to  correlate  data  from  past  underground  detonations 
were  not  very  suooessful.  The  conditions  were  too  different  from 
the  OASP  conditions  to  afford  any  reasonable  extrapolation. 


Neuertheleaa,  a  qvuilitatiue  analysis  indioatea  that  total  release 
of  the  gases  would  not  present  an  unduly  severe  radiologtoal  hazard. 

The  release  of  the  gas  as  a  Jet  results  in  greater  dilution 
of  the  fission  products  than  during  the  previous  meohaniama.  The 
anticipated  cloud  heights  are  of  the  order  of  20,000  feet.  Under 
these  conditions,  the  dosage  as  a  result  of  direct  shine  is  an 
isignificant  contribution  to  the  total  dosage.  The  main  radio¬ 
logical  hazard  is  the  inhalation  of  select  fission  products  such 
as  the  iodines  and  strontium.  The  point  of  maximum  dosage  may 
lie  a  great  distance  from  the  launching  site.  It  is  difficult  to 
accurately  estimate  the  distance  because  of  the  undertainties 
associated  with  defining  meteorological  conditions.  The  whole 
body  external  dose  is  1.4  R  at  the  point  of  maximum  dosage.  The 
bone  dose  due  to  strontium  90  is  less  than  6^  of  the  acceptable 
emergency  dose  (AED)  while  the  iodine  dose  to  the  thyroids  is  leas 
than  4,%  of  the  AED.  The  potential  radiation  dose  distant  from  the 
OASP  site  is  acceptable  within  the  limits  of  the  defined  reference 
system  and  assumptions ^ 

Analytical  tools  are  not  available  to  analyze  what  purports 
to  be  the  moat  serious  radiological  hazard  problem  associated  with 
Project  OASP,  the  close-in  hazard.  The  expected  close-in  rotation 
levels  will  be  high.  It  is  not  possible  to  estimate  with  any 
accuracy  what  the  levels  would  be  for  a  system  with  which  there 
has  been  no  experience.  Therefore,  it  remains  to  use  other  means 
of  estimating  the  close-in  hazard. 
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Neutron  aotivation  of  the  shaft  and  oovolvme  uxia  oonstdered 

as  a  potential  source  of  direct  radiation.  Since  the  high  neutron 

density  will  be  of  short  duration  and  will  exist  predominantly  in 

the  oovoleme  of  the  system,  the  greatest  induced  activity  will 

occur  therein,  Mn^^,  Si^^  and  Cr^^  are  the  prime  contributors  to 

the  bulk  of  the  activity  if  steel  is  used  as  the  material  of 

construction  for  the  oovolume  and  shaft.  The  first  two  isotopes 

have  short  half-lives  and  will  be  insignificant  after  a  day  or 
51 

two.  Or  may  be  troublesome  should  internal  access  to  the  system 
be  necessary,  A  steel  containing  very  little  chrome  would  be  ad¬ 
visable,  For  the  surrounding  earth,  the  contribution  of  the  induced 
activity  is  extremely  small  and  is  not  considered  a  problem. 

Contamination  of  the  ground  waters  appear  to  be  highly 
impossible  for  the  GASP  system  if  the  nuclear  detonation  occurs 
at  the  extreme  depths.  Even  if  the  fission  products  were  to  escape 
from  the  containment  shell,  they  would  probably  be  fixed  on  the 
surrounding  soil  by  an  ion  exchange  or  adsorption  mechanism.  If 
the  detonation  is  closer  to  ground  level,  then  there  may  be  a 
problem  if  the  hydrology  and  geology  of  the  surrounding  earth  are 
unfavorable. 

The  use  of  a  OASP  facility  for  more  than  one  launching  re¬ 
quires  the  decontamination  of  the  facility  to  reduce  the  radiation 
to  an  acceptable  level.  Decontamination  problems  in  the  (MSP 
system  depend  to  a  large  extent  on  the  particular  section  of  the 
system  under  consideration.  The  area  surrounding  the  launching 
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shaft  should  be  designed  to  facilitate  the  clean  up  of  close-in 
fallout  and  uxishout,  Ndny  of  the  techniques  and  procedures  de¬ 
vised  for  the  clean  up  of  bomb  test  areas  and  more  recently 
nuclear  qirplane  rvmuays  may  be  applicable  to  this  part  of  the 
system.  This  includes  such  items  as  coating  the  site  surface 
with  a  protective  coating  or  paving  the  surrounding  area  with  a 
hard-sloped  surface  with  associated  drains  leading  to  drainage 
basinSf  storage  tanks,  etc.  Design  features  of  the  shaft  might 
tiolude  the  coating  of  the  steel  shaft  with  a  liner  or  insert  of 
a  material  on  which  the  fission  products  will  deposit  and  later 
be  removed  with  the  liner.  Four  processes  for  treating  the 
propellant  gas  were  discussed.  The  method  used  in  decontamination 
and  collection  of  the  fission  products  mast  take  into  consider¬ 
ation  the  pTH)ce33  for  their  ultimate  storage  or  disposal.  After 
the  type  and  nature  of  the  wastes  are  defined^  then  they  can  be 
more  closely  examined  in  view  of  the  applicability  of  known  waste 
treatment  methods. 

The  importance  of  a  form  of  closure  for  the  OASP  system 
has  been  shown.  There  are  several  approaches  to  secure  closure 
which  may  be  suitable.  In  essence,  the  mechanics  of  closure  can 
be  broken  down  into  three  principle  parts,  namely  (l)  actuation 
of  the  closure  device,  (2)  retardation  of  the  gas  and/or  sabot 
and  (3)  closure.  There  are  a  number  of  principles  upon  which  the 


aotaatton  of  the  closure  deuioe  may  be  based.  Needless  to  say,  a 
posttioe  failure-proof  devise  is  required.  Some  of  the  possible 
schemes  are  based  upon  pressure,  temperature,  radiation,  optical 
and  eleotromagnetio  sensitive  elements.  No  attempt  at  this  time 
IMS  made  to  evaluate  the  relative  merits  of  the  various  proposals 
for  this  in  itself  requires  a  long  thorough  investigation. 

In  order  to  achieve  closure,  it  will  probably  be  necessary 
to  reduce  the  momentum  of  the  mass  of  gas  by  some  means.  A  sabot 
has  been  suggested  to  protect  the  missile  and  attenuate  the  shook, 
however,  in  addition  it  would  be  an  effective  device  for  retarding 
the  gas.  An  obvious  means  of  slowing  down  the  sabot,  and  the  gases 
behind  it,  would  be  a  oonstriotion  at  the  top  of  the  shaft.  This 
oonstrtotion  may  be  tapered  or  step-wise.  The  incorporation  of  a 
small  explosive  device  between  the  sabot  and  the  vehicle  was 
Qonsidered  and  appears  less  attractive  than  other  methods.  Other 
schemes  considered  would  utilise  a  hydraulic  plunger  arrangement 
or  a  drag  force  system  located  near  the  top  of  the  shaft. 

Finally,  actual  closure  may  be  necessary  to  seal  the  shaft. 
Sliding  wedges  or  flaps  oould  be  used  for  this  purpose. 

Based  on  the  results  of  the  present  study  a  proposal  in¬ 
corporating  a  series  of  exploding  wire  experiments  was  submitted 
to  the  Projeot  Officer.  The  objective  of  the  proposed  laboratory 
program  is  to  study  experimentally  factors  such  as  close-in  fallout 
which  cannot  be  adequately  treated  by  analytical  techniques. 


STATEMENT  OF  FROBLEM 


The  Crround  Accelerated  Space  Platform  (GASP)  concept  has 
been  advanced  as  a  means  of  accelerating  large  masses  to  the 
required  velocity  for  going  into  orbit.  Preliminary  studies  (l, 
3)  have  shown  the  hydrodynamic  and  the  construction  feasibility 
of  the  system.  The  present  investigation  was  to  determine  the 
radiological  hazards  on  the  surrounding  environment  resulting 
from  the  detonation. 

In  order  to  evaluate  the  magnitude  of  this  potential 

problem,  the  Cross-Malaher  study  was  initiated  with  the  following 

<\ 

objectives: 

1,  To  determine  the  degree  of  radiological  hazard  to 
the  immediate  and  distant  areas  resulting  from  the 
firing  of  a  GASP  under  normal  firing  conditions  with 
emphasis  on  the  hazards  from  the  contaminated  pro-^ 
pulsion  gases  escaping  from  the  mouth  of  the  shaft 
while  closure  is  being  effected, 

2,  To  evaluate  the  effect  of  meterological  conditions 
on  the  degree  of  airborne  hazard. 
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5,  To  evaluate  the  radiologtoal  hazard  in  terms  of  the 
design  of  the  launching  system, 

4,  To  consider  various  types  of  credible  accidents  and 
their  effect  on  the  radiological  hazard  e.g,  failure 
of  the  closure  mechanism  or  escape  of  radioactive 
material  due  to  failure  of  the  containment  shell 
because  of  inadequate  design  or  increased  yield  of 
the  nuclear  device, 

5,  To  suggest  means  of  reducing  radioactive  contamination 
of  the  surrounding  areas,  and  thereby  reduce  the 
associated  hazards, 

6,  To  develop  an  experimental  program  for  studying  pa¬ 
rameters  of  the  G,A,S,P,  system  under  laboratory 
conditions, 

REFERENCE  SYSTEM 

The  general  approach  used  in  this  study  was  to  assume 
certain  maximum  values  for  the  various  parameters  and  make  calcu¬ 
lations  based  upon  the  assumed  system  to  evaluate  the  radiological 
hazards.  To  obtain  this  end,  the  following  reference  system  was 
defined  as  a  basis  for  analysis. 

The  system  consists  of  a  facility  capable  of  placing  into 
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orbit  a  vehicle  weighing  20  tone.  The  vehicle  is  4  feet  in 

diameter*  and  40  feet  long,  A  sabot  is  below  the  vehicle  to 

protect  it  from  the  propellant  gas  and  shook.  Its  mass  is 

approximately  the  same  as  that  of  the  vehicle.  The  vehicle 

and  sabot  are  fired  from  a  15,000  feet  long  steel  lined  shaft 

which  has  a  70  feet  spherical  cavity  (oovolwne)  at  the  bottom 

to  absorb  the  shook.  The  spherical  cavity  has  two  linings 

separated  by  a  water  barrier,  the  inner  one  expendable  and  the 

outer  reusable.  The  volume  of  the  shaft  and  sphere  are  190,000 
5  3 

ft,  and  180,000  ft,  respectively.  Prior  to  firing,  the  upper 
part  of  the  shaft  is  evacuated  and  the  cavity  is  filled  with  a 
propellant  gas  svush  as  hydrogen.  The  specific  propellant  weight 
of  hydrogen  is  72  pounds  of  hydrogen  per  ton.  Thus,  the  refer¬ 
ence  system  requires  approximately  1440  pounds  of  hydrogen  to 
accelerate  the  projectile  and  sabot  to  the  desired  velocity,  A 
kilotcn  nuclear  charge  is  exploded  and  the  gas  expands  yielding 
a  launching  pressure  of  3,000  atmospheres  and  an  initial  temper¬ 
ature  of  500,000^0,  As  the  gas  expands,  the  vehicle  and  its 
sabot  accelerate  with  the  vehicle  leaving  the  shaft  at  a  terminal 
velocity  of  40,000  ft/sec.  It  takes  slightly  more  than  0,5 
seconds  to  reach  this  velocity.  The  average  temperature  of  the 
gas  is  approximately  11,000^0  when  the  missile  leaves  the  tube. 
The  vehicle  or  the  sabot  activates  a  closing  device  as  it  travels 
up  the  shaft  so  that  the  bulk  Of  the  propelling  gases  and  radio¬ 
active  debris  are  contained.  Some  of  the  propelling  gas  as  well 
as  the  vaporised  bomb  components  will  escape.  The  released  gases 


carrying  fission  products,  forrn  a  olouA  which  rises  and  expands. 
The  larger  radioaotiue  partiouJate  will  fall  baoh  to  earth  in 
the  immediate  area  of  the  shaft, 

■ 

RESULTS  OF  UNDBROROVND  DETONATION  TESTS 


During  the  past  few  years,  the  AEG  has  conducted  a  series 
of  underground  detonations  to  investigate  their  characteristics. 
Although  the  data  gathered  from  these  tests  cannot  be  directly 
applied  to  the  GASP  system  because  of  widely  dissimilar  con¬ 
ditions,  valuable  qualitative  information  may  be  applicable.  The 
following  summarises  the  pertinent  observations: 

•  (l)  Gas  escaped  from  the  zero  room  into  the  tunnel  in 

only  1  of  the  5  tests  in  which  there  was  no  break¬ 
through  to  the  surface. 

(2)  The  major  portion  (65-80^)  of  the  gross  fission 
products  (3)  activity  is  in  dilute  solid  solution 
in  the  earth  surrounding  the  zero  room.  The  re¬ 
mainder  is  distributed  throughout  the  collapsed  zone 
of  the  chimney  and  is  deposited  on  the  surface  of 
the  broken  material, 

(3)  In  the  Neptune  Event  (4)  the  surface  was  disrupted 
by  material  and  gas  venting  with  sufficient  force 


to  throw  large  rooha  in  the  air.  The  resultant  dust 
plume  rose  to  a  height  of  about  iboo  feet  above  the 
terrain.  Integration  of  the  total  fallout  patterns 
on  the  surface  gave  1-2^  of  the  total  fission 
activity  produced  by  the  explosion  even  though  maxi¬ 
mum  orater  dimensions  were  realized.  Almost  all  of 
the  radioactivity  that  did  escape  from  the  crater 
UKLS  deposited  on  large  particles  which  fell  near  the 
orater.  After  one  hour,  the  radiation  level  in  the 
orater  was  less  than  1000  r/hr.  The  direction  and 
shape  of  the  fallout  pattern  were  determined  by  low 
altitude  wind  direction  and  velocity,  and  the  direct 
cloud  height, 

(4)  A  base  surge  forms  (5)  following  a  subsurface  deto¬ 
nation  when  the  material  in  the  oolimn  falls  back  to 
the  surface.  The  finer  particles  roll  out  radially 
along  the  surface  to  form  a  low  cloud  which  appears 
following  the  subsidence  of  the  initial  throwout. 

If  the  oolumnis  contaminated  by  the  fire-ball,  the 
contamination  must  be  produced  by  mixing  with  the 
early  remnants  of  the  fire-ball, 

(5)  Early  fallout  is  deficient  in  those  fission  products 

such  as  Sr^^  and  having  gaseous  precursors. 


DEPTH  FOR  COMPLSITE  CONTAINMEM' 


If  a  nuclear  detonation  oooura  at  a  shallow  depths  a 
fireball  is  evident  as  it  breaks  through  the  earth  surface 
before  it  is  obscured  by  clouds  of  dirt  and  dust.  The  released 
gases  carry  up  into  the  air  large  quantities  of  earth,  rook  and 
debris  in  the  form  of  a  cylindrical  column  fanning  out  as  it 
rises  into  the  shape  of  an  inverted  cone.  If  the  site  of  the 
detonation  is  sufficiently  below  the  surface,  the  entire  gas 
and  fission  product  release  is  contained  in  the  earth.  As 
derived  from  the  Rainier  (6)  detonation,  the  value  for  the 
depth  of  complete  containment  is  given  by: 

D  =  450  (1) 

where  D  is  the  depth  of  burial  in  feet  and  W  is  the  yield  in 
kilotons. 

The  radioactivity  from  Rainier  was  completely  contained 
within  a  radius  of  60  feet.  For  turf,  this  radius  R,  is  given 
by: 

R  =  50  (2) 

Figure  1  shows  a  plot  of  D  and  R,  calculated  using  the  above 
equations  for  various  size  detonations.  These  equations  were 
developed  for  unsupported  turf.  The  use  of  a  reinforced  structure 
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u>ould  reduce  the  depth  requirement. 


There  ia  little  danger  of  not  containing  the  explosion 
the  reference  design  since  the  detonation  occurs  at  a  depth 
of  about  15,000  feet  for  a  vertical  shaft.  If  a  horizontal 
tube  or  aeries  of  explosions  ia  used,  the  detonation  section 
must  be  located  at  least  1,000  feet  below  the  surface  unless 
special  containment  shields  are  included  in  the  design, 

ESTIMATE  OF  FISSION  PROWOT  ESCAPE 

Ideally,  there  should  be  no  escape  of  fission  products, 
but  in  practioe  it  will  require  about  0,01  seconds  for  the 
closure  device  to  close.  The  shaft  in  the  reference  system  has 
a  cross  section  of  13,6  ft,  ,  therefore,  assuming  a  constant 
gas  velocity  of  40,000  ft/aeo,  5,000  ft,^  of  gas  will  escape. 

This  is  only  an  order  of  magnitude  since  the  gas  escape  velocity 
will  not  remain  constant  at  40,000  ft/seo.  The  escaped  gas  repre¬ 
sents  leas  than  1,5^  of  the  total  gas  since  the  combined  volume  of 

3 

the  shaft  and  covolume  is  about  370,000  ft.  The  quantity  of 
fission  products  escaping  with  the  gas  depends  upon  their  distri¬ 
bution,  Approximately  2^  of  the  fission  products  will  escape 
if  it  is  conservatively  assumed  that  they  are  uniformly  dispersed 
in  the  gas.  This  represents  a  large  quantity  of  fission  products. 
However,  a  uniform  dispersion  is  unlikely.  The  fission  products 


are  initially  completely  vaporized,  bat  as  the  gae  es^anda  and 
ooola  down,  there  ia  a  high  probability  of  deposition  on  or 
interaction  with  the  walla  of  the  shaft.  There  will  be  an 
erosion  or  vaporization  of  some  of  the  material  with  a  result¬ 
ing  dilution  of  fission  produota.  Thus,  the  exiting  gaa  will 
he  slightly  deficient  in  some  of  the  fission  products. 

The  amount  of  fission  product  release  can  be  minimized 
by  incorporating  novel  design  features  in  the  facility,  Por 
example,  the  injection  of  a  spray  of  water  near  the  top  of  the 
shaft  to  rapidly  reduce  the  pressure  and  to  dilute  the  concen¬ 
tration  of  the  fiaaion  products  in  the  gas.  The  water  shield 
in  the  covolume  will  have  a  similar  effect.  It  may  be  possible 
to  minimize  fiaaion  product  escape  from  the  oovolume  by  utiliz¬ 
ing  a  favorable  bomb  geometry  and  oovolume  design.  An  ea^ansion 
chamber  near  the  top  of  the  shaft  plus  a  faster  acting  closure 
device  will  considerably  decrease  the  escape  of  fission  products. 
More  importantly,  the  incorporation  of  the  recently  developed 
"clean”  nuclear  detonations  devices  instead  of  those  that  were 
used  in  most  of  the  underground  testa  to  date  will  greatly  help. 

An  estimate  of  the  value  of  each  of  the  above  suggestions 
was  made  and  a  fission  product  release  reduction  factor  assigned 


as  shown  below, 


FEATURE  FACTOR 

Use  of  Sabot  20 

Dilution  of  gas  by  water  s  interaotion  with 

materials  10 

Faster  acting  closure  device  2 

Institution  of  ’'clean*'  nuclear  detonations  SO 

Favorable  oovolwne  and  bomb  design  5 

Incorporation  of  an  expansion  chcatiber  5 


It  is  assumed  for  the  purpose  of  analysis,  that  fission 
product  release  oar  be  reduced  by  a  factor  of  at  least  100  by 
incorporation  of  some  or  all  of  the  design  features,  therefore, 
the  release  under  normal  operating  conditions  would  be  about 
0,02^, 

RELEASE  OF  FISSION  PRODUCTS  TO  ENVIROimENT 

When  the  uehiole  exits  from  the  shaft  some  of  the  gas 
will  esoape»  The  behavior  of  the  gas  as  it  leaves  the  shaft 
can  be  visualised  in  several  ways.  This  section  considers  three 
types  of  gas  release,  namely,  (l)  a  relatively  slow  release 
similar  to  that  usually  considered  in  reactor  hazards  analyses, 
(2)  a  release  as  in  an  underground  detonation,  (3)  an  instan¬ 
taneous  release  as  in  the  oase  of  a  near  ground  level  nuclear 
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detonation.  Each  of  these  is  dtsoussed  separately  in  the  follow¬ 
ing  with  regards  to  radioactive  oJ[pu4  rtae,  ojeud  height ^  fallout, 
etc*  These  examples  present  the  extrefnea  and  as  such,  give  the 
range  Of  the  anticipated  hazards.  After  establishing  these,  an 
effort  will  be  made  to  determine  the  most  probable  condition, 

I,  SLOW  EELEj^SE  of  fission  products 


Calculations  were  performed  to  obtain  the  order  of  magni¬ 
tude  of  the  hazard  associated  with  the  complete  release  of  all 
fission  products  from  a  kiloton  detonation.  This  size  detonation 
was  selected  for  ease  of  scaling  the  hazards  for  larger  or  smaller 
sized  detonations.  These  calculations  can  be  extrapolated  to 
other  conditions  using  the  appropriate  factors  for  fiSsion  yield 
and  fraction  of  gas  escaped,  Reaotor  hazards  analysis  techniques 
and  equations  were  used  as  a  first  approximation  for  cloud  height, 
accumulated  exposure  to  a  ground  receptor,  fallout  and  washout. 
Although  this  approach  appears  arbitrary,  ft  is  supported  by  the 
behavior  by  the  release  of  fission  products  from  the  Neptune 
Event, (4)  There  will  most  likely  be  a  slow  continuous  release 
of  gas  in  spite  of  the  use  of  devices  such  as  a  sabot  or  fast 
acting  closure  mechanism  to  prevent  the  escape  of  the  gas, 

A,  CLOW  HElcm 

The  gas  will  escape  as  a  aloud  containing  fission  produots. 
The  cloud  will  disperse  as  it  rises  and  will  be  carried  along  with 


the  WinCim  The  range  of  ojeud  heights  may  be  between  zero  fes- 
aentiaiiy  no  rise)  and  a  height  somewhat  iess  than  that  of  an 
atsmio  barnbm  Twa  epprdaohes  have  been  ttsed  to  ealcxilate  oloud 
rise  from  a  reactor,  Sutton  (?)  using  the  theory  of  diffusion 
determines  the  height  at  whtoh  the  oloud  and  the  environment  are 
at  the  same  temperature ^  while  Maohta  assizmes  a  constant  rate  of 
environmental  air  entrainment*  In  the  latter ,  the  oloud  rise  is 
important  and  is  more  applicable  to  large  clouds.  Because  of 
the  uncertainties  in  determining  many  of  the  terms  in  these 
equations,  the  height  of  oloud  rise  is  usually  calculated  using 
a  leas  rigorous  form.  In  reactor  hazard  analysis,  a  oloud  rise 
has  been  estimated  using  an  equation  based  on  the  worh  of  Button 

H  =  (In  10)^  (Cjg)  X 

Where  X  =  downstream  distance  (meters) 

=  diffusion  parameter 
n  =  stability  parameter 
H  =  height  in  meters 

■  This  equation  defines  the  plume  ’'boundary**  so  that  its 
concentration  falls  to  10%  of  its  axial  value. 

Two  conditions  are  considered  in  the  present  calcu¬ 
lations,  namely  stable  and  unstable  conditions.  Typical  values 
for  the  diffusion  and  stability  parameters  were  assumed  as: 


Condition 

n 

Stable 

0.06 

0.50 

Unstable 

0.21 

0,20 

Thas,  equation  (3)  beoomea  for  stable  oonditiona: 

H  =  0,0915  (4) 

and  for  unstable  oonditiona: 

H  =  0.32  (5) 

Cloud  heights  oaloulated  for  stable  and  unstable  oonditiona  as 
a  funotion  of  doimwind  distanoe  are  giuen  in  Table  I, 

B,  ACCXJMOLATBD  EXPOSURE  TO  A  aBOVND  RECEPTOR 


The  fission  of  0,11  pounds  of  uranium  or  plutonium  will 
release  the  same  amount  of  energy  as  1000  tons  of  TNT  (8),  there¬ 
fore ,  the  number  of  fissions  per  kilo  ton  equals: 


0,11  X  X  X  6X10^^ fissions  =z1,878  X  10^^  Kfaiong 

XiloUn  TIT  3355  WIoTotT 


If  100$  of  the  total  fission  products  are  released  and  contained 
in  a  oloud  with  60$  of  the  activity  effective  (9)  to  ground  re¬ 
ceptor,  then  the  aocwmlated  dosage  in  roentgens  <g  given  by: 
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TABLE  I 


CLOUD  HEIGHT 


DISTANCE  DOWNWIND 

HEIGHT  OP  CLOUD  (METERS) 

Feet 

Met  era 

Stable 

Conditions 

Unstable 

Conditions 

~  100 

30,5 

2,29 

6.9 

250 

76,0 

2,36 

25.8 

500 

.152 

3,  95 

29.5 

2000 

304 

6,  66 

ww  •  c/ 

2  Mile 

2620 

23,3 

246 

2,5  " 

4030 

46,3 

563 

5  " 

8050 

77,7 

2047 

20  " 

26100 

230,8 

2955 

25  « 

40300 

260,2 

4467 

where: 


F  =  total  number  ef  fiaeioM  pre^eei 
V  =  wind  velooitjf  (ctw/aea) 
d  *=  diatanoe  from  origin  (cnj 
D  =  aoovmzlated  dose  (roentgens) 

/T  -  oloud  height  (meters) 

Substituting  P=  1»278  x  10^^  (2  Kiloton  detonation)  in  equation 
(6)  gives: 

D  =  2.37?  X  20^^  v'^  (?) 

H 


AoomaiJated  doses  calculated  using  this  equation  are 
given  in  Tables  II  and  HI  for  stable  and  unstable  conditions, 
respectively.  These  data  are  based  on  the  complete  escape  of 
all  the  fission  products  from  a  hiloton  detonation.  For  in¬ 
complete  escape  of  the  fission  products,  multiply  the  values 
given  in  the  tables  by  a  factor  representing  the  fraction  ez- 
oaped.  Multiply  by  the  yield  in  kilotons  for  smaller  or  larger 
detonations. 


The  Reactor  Safeguards  Committee  defines  the  exclusion 
radius  as  the  distance  within  which  the  accumulated  dosage  is  ■ 
greater  than  25  roentgen.  Substituting  D  =  25,  r  =  d,  X  -  d/lOO 
and  equations  (4)  or  (5)  in  equation  (7)  are'  solving  for  r  gives 
the  following  for  the  exclusion  radius  for  a  kiloton  detonation 
under  stable  conditions: 


r  =  2,9  X  20 
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DOSE  IN  ROENTami 


and  aimiJarJy,  for  unstable  conditions: 


r 


5 

7, 87  X  10 


^0.0645 


om 


(9) 


Values  for  the  exclusion  radii  as  a  function  of  wind  velocity 
are  plotted  in  Figures  (8)  and  (3), 


The  above  equations  for  exclusion  radii  were  derived 
for  the  case  of  100$  release  of  the  fission  products  and  a  yield 
of  1  hiloton.  To  obtain  similar  equations  for  fractional  gas 
releases  and  other  fission  yields,  the  appropriate  number  must 
be  substituted  in  equation  (6)  and  the  new  exclusion  radii 
equations  derived,, 

The  curves  of  Figures  (8)  and  (3)  indicate  a  fairly  large 
exclusion  radius  is  necessary.  However,  it  should  be  borne  in 
nvind  that  the  oaloulations  were  performed  for  .100$  release  while 
under  no-~xil  operating  conditions  the  release  would  be  of  the 
order  of  only  a  few  percent.  For  purposes  of  illustration,  curves 
for  1  and  10  percent  release  are  included  in  Figures  (8)  and  (3), 


C,  FALLOUT 

Fallout  refers  to  the  deposition  of  radioactive  matter 
fj'om  an  airborne  oloud  during  non-precipitating  weather  and  in¬ 
cludes  the  effects  of  both  gravitational  settling  and  impaction. 
The  maximum  deposition  at  a  distance  downwind  for  a  continuous 
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release  is  gii>en  bff: 


» «ji 

V 

wher** 

1(7  =■  depositton  rate  (mev/seo  -m  ) 

Q  -  souroe  release  rate  (mev/seo  ) 

Jn 

n  =  stability  parameter 

__ 

C  =  diffusion  ooeffioient  (m  ) 

<7 

d  =  downuiind  distanoe  (m) 

It  has  been  assumed  for  purposes  of  oalouJation  that 
complete  release  of  the  fission  products  will  occur*  For  the 
actual  situation  there  are  a  number  of  possibilities  as  to  the 
mode  of  gas  release  for  this  assumed  condition  of  a  slow  release* 
One  might  involve  an  initial  puff  with  a  subsequent  steady  release* 
Another  could  be  a  continuous  steady  stream  of  gas*  In  another 
case,  a  controlled  release  following  some  type  of  treatment  to 
reduce  the  fission  product  concentration  might  ensue* 

To  analyze  rigorously  each  of  the  potential  modes  of 
release  would  be  quite  burdensome  and  would  not  contribute  greatly 
to  the  overall  contamination  evaluation*  ThereforSf  the  approach 
taken  assuming  a  constant  gas  release  rate  for  a  finite  period  of 
time  appears  Justified* 

Under  the  condition  the  activity  deposited  at  a  point 
downwind  is  given  by: 


(10) 

0 
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Inhere 


w  =  deposition  (mes/aeo-n^) 

tj  =  0 

=  t 

Substituting  equation  (lO)  for*  ur  gives: 


(18) 


n  Qjtt 


(23) 


but  Q  =  Qjjt  since  gas  release  rate  is  constant j  thus  yielding: 


^  ^  g _ ■ 


(14) 


Prom  the  Summary  Report  of  the  Reactor  Safeguards  Com- 
mitteSf  the  effectiveness  of  radiation  due  to  precipitated  aotivit 
is  2,3  X  J0“®  R/day  for  gamma  radiation  of  2  mev/seo-m^  and  1,3  X 
.10  '  R/day  for  beta  activity.  Since  roughly  equal  fractions  of 
the  energy  go  off  as  gamma  and  as  beta  r*adiation  and  converting 
to  hours,  the  effectiveness  is  3,0  X  J0“®  R/hour  for  1  Mev/seo-m8 
of  ground  deposited  activity.  Thus,  the  following  equation  is 
obtained  for  the  dose  rate: 


Do  =  %  (Mev/sec-mP)  X  (h9.JL  ML  ) 
^  Mev/sec-mfi 


Substituting  equation  (14)  and  (ll)  gives: 


Or 


3,0  X  10-^  n_q_ 

SelT^  C'yd  8’-(n/3) 


R/hr 


(15) 


(26) 


The  activity  resulting  from  the  instantaneous  formation  of  fission 
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products  is  approximated  bit  the  Way-Wigner  equation: 

Q  =  F  X  S.6€  =  S,  4  X  20^^  meif/sec  (27) 

where 

F  ^  number  of  fissions  (2,S?e  X  20^^  fissions/kiJoton) 
t  ^  time  (seconds) 

Substituting  equation  (17)  in  (26)  gives: 


n  -  2,062  X  10^^  n 
J?  ~  “ 


Cy 


since  d  =  u  t  (u  -  mean  wind  velocity  -  meters/seo) 


2)„  =  1,061  X  10^^  n  (u)^*^ 


(leJ 


C  d'- 
y 


The  total  integrated  dose  (TID)  is  given  by: 


(19) 


r  ^ 

TID  =  I  dt 

J.,  " 


\ 


where  D 


2  _ 


dose  rate  due  to  initial  level  of  activity 


1  '^2  2 

Substituting  =  D^t  and  defining  limits  from  10  seoonda 

«  i? 

to  infinity  (Dr^  and  D  mat  be  in  units  of  B/seo,)  gives: 

^  X* 


TID  = 


10 


D^  dt  =  5  D^ 


10 


=  3,15  D^  (21) 
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Converting  equation  (29)  t»  seoenda  and  aubatituting  in  (21)  givea: 

TID  =  9,28  X  10^^  ft 

__  ^,2  -(n/2j 

For  atable  oonditiona  n  =  0,5  and  C  =  0,1,  tlma  equation  (22) 
beoomea: 

11  ^J,2 

Tin  =  4,64  X  10  (u) 

- ^ - 

while  for  unatable  oonditiona  n  =  0,2  and  0^  =  0,37  ao 

10  -1,2 

TID  =  5,02  X  10  (u) 


The  total  integrated  doae  ia  given  aa  a  function  of 
diatanae  for  atable  and  unatable  oonditiona  in  Tablea  IV  and  V, 
reapeotively,  Theae  valuea  are  baaed  on  a  ayatem  releaaing  the 
fiaaion  produota  from  a  one  Hiloton  detonation.  They  are  readily 

I 

applied  to,  other  oonditiona  by  multiplying  by  the  fraction  of 
fiaaion  produota  eaoaped  and  the  yield  in  kilotona, 

D,  WASHOUT 

Waahout  depoaition  refera  to  radioactivity  depoaited  on 
the  earth  by  the  aorubbing  action  of  raindropa  or  anowflaftea 
passing  through  a  radioaotive  oloud.  The  total  waahout  ia  often 
oonaidered  the  **worat  possible  airborne  oontamination  condition” 
in  reactor  hazard  analyses.  An  upper  limit  to  the  possible  hazard 
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RADIOACTIVE  FALLOUT 
TOTAL  INTM}RAL  DOSE  STABLE  CONDITIONS 
(ROENTGENS) 


due  to  the  total  inatantaneous  iMahout  of  a  oloud  (?)  oontaining 
airborne  material  ia  approximated  by: 

(25) 

This  ia  applicable  for  a  oontinuoua  releaae  of  fiaaion  produota 
from  the  aovtroet 

The  aymbola  are  the  aame  aa  thoae  uaed  in  the  fallout 
aeotion,  Subatituting  0  =  O.i  and  n  =  0,5  and  uaing  the  teohnigue 
developed  in  the  fallout  aeotion,  the  following  equation  ta  derived 
for  the  total  integral  dose  for  the  waahout  oonditionat 

TID  =  5  X  10^^  u  (se) 

d  1,95 

The  total  integrated  doae  for  different  wind  apeeda  and  diatanoea 
are  given  in  Table  VJ,  Theae  oan  be  aoaled  to  other  oonditiona 
aa  in  the  above, 

E.  ANALYSIS 

The  treatment  in  thia  aeotion  dealing  with  the  alow  releaae 
of  fiaaion  produota  ia  of  value  in  the  evaluation  of  hazarda  from 
a  number  of  poaatble  oiroumatanoea.  The  oiroumatanoea  might  be 
controllable  or  perhaps  a  result  of  aome  sort  of  failure.  The 
controllable  oiroumatanoea  would  be  a  controlled  releaae  of  the 
gaaea.  One  example  of  a  failure  would  be  a  small  breach  in  the 


-p  =  TT  i  S 
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PADIATION  DOSE  -  WASHOUT  CONDITION 


shaft  lining.  In  any  oaae,  it  is  highly  possible  that  the 
fractional  release  of  fission  products  will  be  somewhat  less  than 
100^.  For  controllable  oases,  the  release  has  been  taken  as  ,03^ 
and  for  minor  failure  oiroumstanoes  a  release  of  is  estimated. 
For  these  releases,  Table  VII  shows  the  doses  obtainable  for  the 
condition  of  oloud  shine,  fallout,  and  washout  as  a  function  of 
distanoe  downwind. 

The  exclusion  zone  for  the  OASP  site  should  be  baaed 
upon  the  hazards  resulting  from  the  maximum  plausible  aooident 
situation.  For  this  reason,  the  exclusion  radii  as  depicted  in 
Figures  2  and  3  have  been  plotted  for  releases  of  1,  10  and  100^, 
Under  the  worst  meterologioal  conditions  (excluding  washout)  and 
a  slow  fission  product  release  of  1$,  an  exclusion  radius  of 
about  4  miles  appears  satisfactory  to  protect  the  health  and 
safety  of  the  public.  It  should  be  noted  that  the  exclusion 
radii  equations  were  based  upon  the  dose  received  solely  from  the 

direct  radiation  of  the  oloud.  No  provision  was  made  to  inoorpo- 

1 

rate  the  accumulated  dose  from  fallout  or  washout.  The  ratio  of 
the  fallout  dose  to  the  direct  oloud  dose  is  small.  Therefore, 
it  appears  Justified  to  neglect  its  contribution  for  purposes  of 
estimation  of  the  exclusion  zone.  The  resulting  doses  from  wash¬ 
out  conditions  are  high,  IHzard  analyses  of  the  washout  situation 
are  usually  performed  for  academic  purposes  only,  for  it  is 
totally  impractical  to  attempt  to  establish  an  exclusion  zone  based 


-37- 


RADIATION  HAZARD  -  HIND  VELOCITY  20  MPH 


upon  the  dose  uihioh  would  be  received  as  a  result  of  a  washout, 

It  oan  be  stated  oonolusively  that  the  vast  majority  of  reactor 
installations  in  this  country  would  have  inadequate  exclusion 

zones  if  they  were  based  upon  the  washout  condition.  The  above 

% 

indicates  the  need  for  placing  meteorological  controls  upon  the 
scheduling  of  shots.  Results  previously  presented  clearly  show 
the  importance  of  initiating  shots  under  favorable  meteorological 
oonditions.  It  is  recognized  that  under  extreme  circumstances 
it  may  be  imperative  to  perform  a  launching  in  inclement  weather. 
For  this  circumstance,  the  results  presented  for  unfavorable 
meteorological  conditions  should  be  consulted  to  aid  in  the 
evaluation  of  the  additional  risk  involved, 

II.  SUBSURFACE  EXPLOSIONS 

The  cloud  resulting  from  an  underground  detonation  will 
not  rise  as  rapidly  or  as  high  as  that  from  an  above  surface 
detonation.  In  fact,  if  the  detonation  occurs  sufficiently  deep, 
there  will  be  no  venting  or  escape  of  gas, (this  of  course,  assumes 
that  the  earth  is  unsupported). 

The  results  of  Operation  Teapot  (S)  may  give  an  insight 
into  the  radiation  hazard  problems.  In  Operation  Teapot,  1,8 
kilotons  charge  was  detonated  at  65  feet  below  the  surface,  Tenta^^ 
tive  results  indicate  that  throw-out  reached  a  height  of  700  feet 
and  a  maximum  diameter  of  1300  yd.  The  throw-out  was  complete  in 


about  17  aeo.  The  base  surge  first  beoame  visible  at  about  33 
aeoonds  and  continued  to  expand  until  about  2JB  seo.  The  surge 
height  was  about  340  feet  on  the  upwind  and  100  feet  on  the  down¬ 
wind  sides t  reapeottvely.  After  the  subsiding  of  the  surge f  a 
oloud  beoame  visible,  A  plot  of  the  olovtd  height  as  a  function 
of  time  is  given  in  Figure  4,  A  oomparison  of  this  data  with 
that  given  previously  for  oloud  height  oaloulated  for  a  reactor 
incident  indicates  that  a  faster  rise  time  and  a  higher  altitude 
(Table  I)  was  obtained  in  Operation  Teapot,  The  radiation  level 
at  ground  zero  was  greater  than  6000  r/hr  after  a  lapse  of  1 
hour.  The  decrease  in  the  activity  followed  the  decay  law. 

Aerial  photographs  of  the  area  one  mile  from  ground  zero 
indicated  that  the  region  of  heavy  material  fallout  extended 
about  1  mile  in  a  southwest  direction.  Figure  5  illustrates  the 
radiation  levels  resulting  from  fallout  at  1  hour  after  detonation. 

It  is  recognized  that  the  conditions  for  the  described 
subsurface  detonation  vary  greatly  from  those  to  be  encountered 
in  the  GASP  system.  Nevertheless,  the  results  of  the  test  point 
up  the  oonservativeness  of  the  hazards  calculations  presented  in 
the  previous  section.  In  the  GASP  system  the  detonation  will 
’^Qoour  in  a  ''clean"  environment  contained  by  a  steel  enclosure 
while  Operation  Teapot  utilized  no  means  of  earthen  support. 
Therefore,  a  considerably  higher  quantity  of  fallout  is  to  be 
expected. 
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CPT=>J=  7^ Arnold  TJSAROT 

FIG-,  ‘f 
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Keeping  in  mind  that  the  fallout  dose  would  be,  most 


lihely,  orders  of  magnitudes  greater  for  Teapot  than  OASP,  we 
find  that  the  isodose  curves  of  Figure  5  indicate  that  the 
majority  of  the  fallout  remained  in  close  to  ground  zero, 

III.  RELEASE  AS  SIOH  BNEBQY  JET  -  ihie' propellant  gas  initially 
leaves  the  shaft  at  a  velocity  of  40,000  ft/ sec  and  at  an  initial 
pressure  of  3000  atmospheres.  Under  these  conditions  the  gas 
will  shoot  up  into  the  atmosphere  as  a  relatively  thin  colwnn  and 
then  expand  as  dictated  by  ambient  conditions.  Turbulence  at 
the  edge  of  the  column  will  cause  some  mixing  with  the  atmosphere. 
If  the  proper  proportion  of  hydrogen  and  air  are  attained,  a 
violent  explosive  reaction  will  occur  resulting  in  a  secondary 
detonation.  This  will  produce  water  and  may  cause  an  instanta- 
neous  icashout,  thereby  increasing  the  contamination  per  unit  area. 

The  resultant  fallout  pattern  and  the  radiological  hazard 
resulting  from  releases  of  radioactive  material  depends  to  a 
large  extent  on  the  height  to  which  the  cloud  ascends.  The 
cloud  height  is  dependent  upon  the  local  meteorological  parameters. 
Also  playing  an  important  part  in  the  ultimate  contamination  prob¬ 
lem  are  the  direction  and-  speeds  of  the  prevailing  winds  at  all 
altitudes  and  meteorological  conditions  distant  from  the  point 
of  detonation, 

A.  CLOUD  HBI9HT 

There  are  a  number  of  methods  available  for  computing  the 
eapected  height  of  radioactive  effluents  emitted  into  the 
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atmosphere  as  a  stream^  Amng  these  are  (2)  a  semi^empirioal 
approach  utilising  the  results  from  bomb  bursts  and  (S)  semi-- 
empirical  equations  developed  from  diffusion  experiments  for 
effective  stack  height  determination, 

BOMB  BURST  -  In  the  case  of  a  bomb  burst,  the  rate  of  cloud 
rise  depends  upon  meteorological  conditions  and  the  energy  yield 
of  the  bomb.  The  eventual  height  depends  upon  the  heat  energy, 
temperature  gradient  and  the  gas  density. 

For  surface  and  air  blasts,  the  cloud  rise  (lo)  as  a 
function  of  time  and  yield  is  given  by: 

Ah  =200  (S7) 

where  Ah  =  cloud  rise,  feet 
W  =  yield,  kilotons 
t  =  time,  seconds 

Figure  6  shows  a  plot  of  the  cloud  rise  for  the  first  10  seconds 
after  a  one  kilo  ton  detonation.  In  general,  any  nuclear  cloud 
(10)  regardless  of  yield  reaches  its  maximum  height  in  7  minutes 
after  detonation.  The  maximum  height  for  a  kiloton  detonation, 
calculated  using  the  above  equation  is  28,400  feet.  The  cloud 
has  sufficient  energy  to  reach  this  altitude  under  favorable 
meteorological  conditions.  In  the  event  of  unfavorable  conditions 
such  as  an  inversion,  the  cloud  will  not  rise  to  this  height  but 
level  off  at  a  lower  altitude. 


ALTITUDE  (FBJEt) 


CTJ-OUJD  HEIGrH~r  VS  T/TvlJ^ 


i-aborWoriss^c. 

MOUNTAINSITSJ5,  Nij. 
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STACK  HEIOST  APPROACH  -  The  Holland  Equation  (11)  ia  a  serni^ 
empirical  relationship  based  on  the  results  of  a  study  oonduoted 
at  Oak  Ridge  National  Laboratory  for  oaloulating  effective  heights 
for  gas  effluent  coming  from  a  stack  under  stable  conditions. 
Values  obtained  using  this  equation  adequately  describes  most 
types  of  effluents  but  the  present  application  requires  an  ex¬ 
tremely  large  extrapolation  of  the  experimental  results.  As  such, 
these  calculations  are  only  qualitative.  This  equation  describes 
the  height  in  terms  of  two  properties  of  the  gas,  namely,  the 
exit  momentum  and  bouyanoy.  It  is  given  by: 

Jidh  =  1,02  vd  7,58  X  ld~^Q.  (28) 

where 

Ah  =  effective  stack  height  increment  (ft) 
ja  =  average  wind  speed  (mph) 

V  =  stack  gas  velocity  (ft/seo) 

Q  =  heat  released  from  stack  (Btu/sec) 
d  =  stack  diameter  (ft) 

1,02  vd  =  momentum  term 
7,56  X  10~^Q,  =  bouyanoy  term 

8  — 

For  Q  =  1,28  X  10  Btu/sec,  v  =  40,000  ft /sec,  d  =  4  ft  andA^  = 

40  mph,  Ah  is  in  the  order  of  250,000  feet. 

In  another  approach  the  effective  stack  height  (12)  is 
based  on  the  total  thermal  rise  and  is  given  by: 
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w  i.4  2* 

Ah  =  d  ri  TT ; 

9 

where 

Ah  =  effeotive  ataoh  height  increment  (ft) 

V  =  stack  velocity  (ft/aec) 

,0  . 

T  -  exoeaa  ten^erature  of  stack  (  S) 

T=  absolute  temperature  of  stack  (^S) 

8 

For  T/T  -  1,  d  =  4  ft,  V  =  40,000  ft/aec,  A'=  40  mph,  Ah  ia 
about  127,000  feet, 

EXPECTED  CLOUD  HEIGHT  -  In  awnmary,  the  cloud  heights  resulting 
from  the  borrUo  burata  are  governed  by  the  troposphere.  The  ef¬ 
fective  stack  height  eqaationa  indicate  that  the  existing  gaa 
haa  sufficient  energy  to  attain  very  high  altitudes,  but  it  ia 
perhaps  overly  optimistic  to  expect  the  stream  to  penetrate  the 
tropopauae.  Climatological  information  on  the  change  of  wind 
speed  with  altitude  for  various  parta  of  the  country  indicate 
that  the  tropopauae  occurs  at  an  altitude  of  25,000  to  35,000 
feet  in  the  summer,  while  in  the  winter  at  30,000  to  40,000  feet. 
Therefore,  a  conservative  estimate  of-th'e  cloud  height  is  to 
assume  that  the  effluent  aacerda  to  a  height  of  20,000  feet  and 
then  diffuses  horizontally  maintaining  this  approximate  height. 
This  height  will  be  used  for  calculations^  in  the  following 
sections. 


(39)  • 
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B,  DISTANCE  TO  MAXIMUM  DOSAGE 


by: 


where 


The  diatanoe  to  the  point  of  maximam  exposure  ia  given 


d  (max)  = 


1 

Tsm 


d  (max) 
h 

n 


=  diatanoe  (m) 

=  aloud  height  (m)  j 

=  diffusion  parameter  (m  ) 
=  atabiitty  parameter 


(30) 


The  diatanoe  ia  greatly  affeoted  by  the  atmoapherio  parameter, 
for  example,  the  diatanoea  oaloulated  for  a  oloud  height  of  80,000 
feet  and  the  following  valuea  for  C  and  n  : 


CONDITION 


C 


n 


Stable  0,06  0,50 

Unstable  0,81  0,80 


are  55  and  3000  miles  for  unstable  and  stable  oonditiona,  re- 
apeotively.  The  oaloulated  diatanoe  of  3000  miles  may  be  misleading, 
A  height  of  80,000  feet  uas  assumed  and  under  the  defined  stable 
oonditiona,  the  oloud  would  probably  not  reach  this  altitude.  It 
appears  reasonable  to  assume  that  the  point  of  maximum  dosage  would 
be  within  a  few  hundred  miles  of  the  launching  shaft, 

C,  MAXIMUM  DOSAGE  -  WHOLE  BODY 

The  radiation  dosage  at  the  point  of  maximum  dosage  ia 
oaloulated  in  the  following: 


Curies  of  fission  produo ts/ftsston  =  1,03  X  JO 
where  t  is  in  days  and 

PS 

fissions/ktloton  =  1,88  X  10 

ouries  /  Kiloton  -  1,3  X  10^ 

3 

total  volume  of  system  =  37'0,000  ft 

1  3  X  30^1:“'^*^ 

Fission  produot  oonoentration  = 

,37  X  10^ 

Figure  8  shows  the  time  (7  minutes)  required  for  a  1  KT 
surface  burst  to  aohieve  its  maximum  height  of  88,000  feet.  In 
the  case  under  discussion  since  the  system  is  noting  as  a  Jet, 
it  is  reasonable  to  assume  a  shorter  time  to  aohieve  the  maximum 
height.  An  ascension  time  of  1  minute  is  taken  for  the  Jet  case. 

The  fission  produot  oonoentration  at  60  seconds  is  taken 
as  the  source  oonoentration  of  the  instantaneous  elevated  radi¬ 
ation  source.  It  appears  reasonable  to  expect  that  the  release 
will  behave  as  an  instantaneous  release.  For  purposes  of  oalou- 
lation,  it  is  conservatively  assumed  that  10^  of  the  volume  is 
released.  The  fission  produot  oonoentration  in  the  exhaust  gas 
is: 

35 _  s  o 

/  60  \  1,8  =  8,13  X  10  ouries/ft  (33) 

ysTT-sm) 

The  total  activity  escaping  to  the  atmosphere  is 

Activity  =  8,13  X  10^  X  3,7  X  10'^  =  7,9  X  10^  ouries  (34) 


-16^-1, 8 


(31) 


_E  ouries/ft^ 


(38) 
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The  total  integrated  dose  (TIB)  at  the  point  of  maximum 


oonoentration  ia  given  by: 


TID. 


max 


B  Q 
e  a 


(BSJ 


wher  Q  =  ouriea  of  ftaaion  prodvuita 

u  mean  vjind  velocity  (m/aeo)(aaaamed  to  be  40  mi/hr) 
h  =  effective  height  (m) 


Tm 


'max 


8  X  7a  9  X  10^ 

(0a447  X  40)(6100f 


3,  61 


ouriea^aec 

Ifl 


(36) 


Since  1  curie-aec  ~  0aS47  E  roentgen  and  taking 

E  =  Oa7  Mev,  the  total  whole  body  doae  ia  1^4  Ra 
Da  MAXIMUM  DOSAGE  -  INHALATION 

For  high  cloud  heights  as  ooourring  for  the  oonditiona 
assumed,  a  major  contributor  to  total  body  doae  will  moat  -likely 
result  from  inhalation  of  the  fiaaton  produotSa  Inaamuoh  aa  the 
worst  offenders  are  strontium  and  the  iodines,  only  these  are 
(ionaidereda  | 

Equation  (36)  gives  the  TID  max  for  all  the  radioactive 
aouroesa  Since  only  specific  isotopes  are  of  immediate  interest, 
the  value  must  be  multiplied  by  the  appropriate  footorsa  For 
I^^^ ,  an  exposure  to  1  ourie~seo/k^  of  total  fission  product 
activity  rearzlta  in  the  body  retaining  27  /^c  of  iodinsa  The 


aaSOi 


allowable  emergenoy  doae,  AED  (22)  for  ia  2000  rad  which 

oorreaponda  to  inhaling  and  retaining  2660 Ae  of  iodine  131, 
The  doae  tb  the  thyroid  iat 


27  X  8,6  X  2000  ^ 

2660 


(37) 


This  oorreaponda  to 


t 

only  3,7$  of  the  AED, 


QO  /  3 

In  the  oaae  of  Sr  ,  expoaizre  to  1  ourie~^eo/m  resalta 

90 

in  inhaling  0,16Ao  of  Sr  by  the  body.  One  AED  oorreaponda 

90  90 

to  inhaling  10 /^o  of  Sr  ,  For  the  GASP  aaawnptionaf  the  Sr 

contribution  ia  5,8$  of  the  AED, 


E,  ANALYSIS 

Treating  the  gaa  releaae  aa  a  Jet  reaulta  in  greater 
dilution  of  the  fiaaion  produota  than  in  the  preuioua  treatmenta. 
The  anticipated  cloud  heighta  are  of  the  order  of  20,000  feet. 

At  theae  extremely  high  altitudea  the  contribution  of  direct 
ahine  to  the  total  whole  body  doae  in  all  probability  will  be 
amall.  Of  greater  aignifioance  would  be  the  hazard  preaented 
by  potentional  inhalation  of  the  fiaaion  produota. 

In  view  of  the  ultimate  high  altitude  of  the  cloud,  the 
point  of  maximum  doaage  would  be  a  great  distance  from  the 
launching  aite.  This  does  not  consider  the  oloae-in  radiation 
environment.  It  may  be  difficult  to  eatimate  the  point  of 
maximum  doaage  under  the  prevailing  meteorological  conditions 


since  the  ground  level  meteorologioal  data  does  not  aeourately 
predict  the  conditions  existing  at  these  extremely  high  altitudes. 
In  any  case,  these  oalouiations  were  performed  to  indicate  an 
order  of  magnitude  of  the  distance. 

The  whole  body  external  dose  at  the  point  of  maximum  dosage 
was  calculated  to  be  1,4R,  The  bone  dose  due  to  strontium  90  was 
calculated  to  be  less  than  6$  of  the  acceptable  emergency  dose. 

The  dose  to  the  thyroids  was  calculated  to  be  73  rads,  however ^ 
the  allowable  dose  to  the  thyroid  glands  is  of  the  order  of 
3000  rads.  In  summary,  for  the  assumptions  made  and  the  1  kiloton 
detonation  the  potential  doses  distant  from  the  OASP  site  are 
acceptable.  The  potential  doses  resulting  from  conditions  other 
than  assumed  can  be  extrapolated  from  the  results  herein, 

CLOSE’^IN  FALLOVT  ' 


Th?  previous  sections  utilize  standard  diffusion  equations 
and  are  generally  reliable  for  estimating  conditions  at  points 
distant  from  ground  zero.  They  estimate  the  initial  distribution 
of  the  fallout  particles  in  space  on  the  basis  of  height  and  size 
of  the  visible  cloud.  Current  methods  for  predicting  radioactive 
fallout  do  not  provide  accurate  information  on  close-in  fallout. 
Primarily,  this  is  because  they  are  based  upon  diffusion  theory 
rather  than  on  a  fundamental  theory  of  the  fallout  process,  that 
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<s,  the  dynamioe  of  the  fallout  prooees  before  the  nuolear  oloud 
atabiliBeSo 

A  theory  for  oloae-^in  fallout  (13)  haa  been  prepared 
which  takea  into  aooount  the  motion  of  the  fallout  partiolea  from 
inception  in  the  fireball  until  they  return  to  the  ground»  Even 
thia  theory  doea  not  provide  accurate  reaulta  in  cloae  to  ground 
serOu  In  /act,  the  developers  of  the  theory  do  not  consider  the 
reaulta  reliable  at  diatanoea  leas  than  1  mile„  Furthermore, 
thia  theory  was  developed  utilizing  the  parameters  and  conditions 
associated  with  a  land  surface  bomb  blaat»  The  conditions  during 
launching  are  considerably  different  and,  therefore,  the  appli¬ 
cability  of  this  theory  to  the  OASP  system  ta  questionable,,  In 
view  of  thia^no  calculations  were  made.  However,  the  oloae-in 
fallout  is  very  important  and  will  have  to  be  seriously  considered 
in  the  design  of  the  GASP  system.  Mors  precise  close-in  fallout 
data  may  be  possible  aa  a  result  of  laboratory  studies. 

NEUTRON  INDUCED  ACTIVITY 

All  elements  except  helium  capture  neutrons.  If  the 
target  material  contains  more  than  one  isotope,  each  type  inter¬ 
acts  separately  with  ita  own  oharaoteriatica.  Thus,  several  new 
isotopes  may  be  produced,  some  of  which  are  radioactive  and 
others  stable.  The  calculation  of  neutron  induced  activity 


regutrea  a  knouledge  of  the  following  faotora: 


Neutron  Exposure  -  the  number  of  neutrons  per  sq*  om 
impinging  on  the  material.  More  than  99^  of  the  neutrons 
(14)  released  during  fast  fission  appear  within  10“^ 
seconds  of  the  explosion.  Delayed  neutron  and  neutrons 
produced  by  secondary  (Y,  n)  reactions  need  not  be 
considered.  It  is  sufficient  to  consider  only  the  prompt 
neutrons  in  the  aotiuation  process.  Fission  explosions 

oo 

produce  on  the  order  of  JO  neutrons  per  kiloton. 

Neutron  Energy  -  the  energy  distribution  of  the  neutrons 
depends  on  the  type  of  explosion,  nuclear  material  and 
the  geometry  of  the  bomb  components.  Experiments, 
conducted  at  the  Nevada  Test  Site  to  measure  the  energy 
distribution,  indioate  neutron  energies  ranging  from  a 
fraction  of  an  electron  volt  up  to  several  million.  The 
energy  value  of  the  slow  neutrons  was  fixed  at  about 
0,2  electron  volt.  The  energy  groups  and  neutron  dis¬ 
tribution  assumed  in  these  oaloulations  are  shown  in 
Table  VIII,  Since  the  activation  cross  section  varies 
inversely  as  the  energy  of  the  neutron,  the  contribution 
of  the  neutrons  in  the  high  energy  group  may  be  safely 
neglected. 

Materials  -  The  composition  of  the  material  will  signifi¬ 
cantly  affect  the  degree  of  induced  activity  since  all 
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TABLE  VIII 


NEUTRON  ENEROY- nr STRJ BUTTON 


NEUTRON  ENERGY 
(ev) 

NEUTRON  DISTRIBUTION 
(Mzmber  of  Neutrons) 

0.2 

3  X  10^^ 

0.2  -  2  X  10^ 

3  X  10^^ 

...  6 

2  A  10 

3  X  10^^ 

^5^ 


atomio  speoies  do  not  form  radioaotioe  products  after 
neutron  capture.  The  shaft  and  oovolume  will  probably  be 
made  of  steel  so  the  oompo si tion  given  in  Table  IX  is 
assumed  for  oalculationaj  purposes. 

Cross  section  -  The  probability  of  neutrons  interacting 
with  atoms  to  form  radioactive  isotopes  is  referred  to 
as  the  activation  cross  section.  This  is  a  function  of 
neutron  energy  and  the  energy  characteristics  of  the 
atoms.  The  microscopic  activation  cross  section  is 
usually  given  in  tables  for  thermal  neutrons  (0,025  ev), 
therefore,  the  cross  section  for  0,2  ev  neutrons  (applying 
the  l/v  relationship)  is  0,389  times  the  value  for  thermal 
neutrons.  Values  for  the  microscopic  activation  cross 
section  are  given  in  Table  X, 

I.  CALCOLATION  OF  THE  INDWED  NEUTRON  ACTIVITy  IN  THE  COVOLUME 

The  diameter  of  the  oovolume  in  the  reference  system  is 
70  ft, ,  therefore,  the  surface  area  is: 

Surface  area  =  41^^^  =  471  (^)^  ~  15,400  ft^  (38) 

=  1,43  X  10^  om^ 

The  source  strength  is  3  X  10^^  neutrons/kilo  ton  so  the 
neutron  exposure  neglecting  attenuation  in  the  steel  of  the  oo- 
volume  is  given  by: 

23 

n  =  !Area  ~  1,43  k  Xo^  =  2,10  X  10^^  neutrona/oa^  (39) 
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TABLE  IX 


STEEL  COMPOSITION  ASSUMED  IN  CALCULATIONS 


ELEMENT 

X 

Fe 

97.4 

C 

0.2 

Mn 

0.4 

S 

0.03 

P 

0.03 

Si 

0.5 

Cr 

1.0 

Mo 

0.5 

PRTMAUr  TaAUmJTA'FIONS  BY 


The  nimbef  of  neutron  aotiuation  oaptures  per  om'^  of  surface  for 
eaoh  atomio  specie  is  given  byi 


n  f  ^ 

(40) 

A 

9, 86  X  10^^  Cr  -  P/A 

Os 

(41) 

uhere  R  =  radioactive  atoms/om 

o 

n  =  neutrons/cm  of  surface 
N  =  Avogadros  number  (6  X  20  atoms/nol) 

^0,8  =  microscopic  activation  cross  section  for  0,8  ev 
neutrons  ( om/atom)  (  ^  ^  ^^hermal) 

^  =  density  of  steel  (7,8  gn/om^) 

F  =  weight  fraction  of  element  of  interest 
A  =  atomio  weight  (g/mol) 

The  activity  at  the  surface  of  the  steel  is: 


Activity  = 


d  R/dt 
3,  7  X  10^^ 


-  Ai? 

3,7  X  10^^ 


=  1,87  X  10~^^R/t^ 


(48) 


Activity  =  1,84  X  10^^  ^,8  V 


(43) 


Table  X  gives  the  required  data  for  oaloulating  induced 
activity,  while  Table  XI  gives  the  induced  activity  resulting 
from  the  primary  transmutation.  An  examination  of  Table  XI 
indicates  that  ,  Si^^  and  Cr^^  oontribute  the  bulk  of  the 
activity.  The  first  two  have  half-lives  of  less  than  3  hours  so 


TABLE  XI 


INDUCED  ACTIVITY  IN  COVOLUME 


ELEMENT 

HALF-LIFE 

ACTIVITY  (Milliouries/om^) 

47  days 

8.5  X  10~^ 

C^^ 

5800  years 

negligible 

Mn^^ 

3,6  hours 

75 

87  days 

0,98  X  10~^ 

14,3  days 

1,3  X  10~^ 

3,7  hours 

0.43 

^  51 

Cr 

36,5  days 

386 

93 

Mo 

7  hours 

1,48  X  ld~^ 
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they  will  be  insignificant  after  a  day  or  so,  Cr^^  is  partionlar'- 
2y  troublesome  since  its  half-life  is  longer  (86,5  days).  Thus,  a 
steel  containing  less  chrome  is  suggested, 

II,  imVOED  ACTIVITY  IN  THE  SHAFT 

Since  the  greatest  part  of  the  induced  activity  will  occur 
during  the  first  10"^  seconds,  the  highest  concentration  of  induced 
activity  will  be  in  the  portion  of  the  shaft  nearest  the  oovolvme. 
The  level  of  activity  in  the  shaft  will  probably  be  orders  of 
magnitude  lower  than  in  the  oovolume,  therefore,  it  appears  that 
induced  activity  will  not  be  a  problem  in  the  shaft, 

III,  SVRROVNDINO  EARTH 

Induced  radioactivity  in  the  soil  will  be  limited  to  the 
vicinity  of  the  oovolume  since  the  transmutations  are  caused 
primarily  by  the  prompt  neutrons.  In  most  soils  the  significant 
neutron  induced  gamma-ray  emitting  radioactive  isotopes  are  Na^^, 
Al^^,  and  Mn^^,  Batsel  (IS)  estimated  the  level  of  activity  in¬ 
duced  in  a  typical  medium  surrounding  a  nuclear  explosion.  Table 
XII  defines  the  typical  medium.  The  soil  contains  20^  water, 
therefore,  the  neutrons  are  thermallised  before  capture  with 
approximately  40^  of  the  neutrons  being  captured  by  the  soil  and 
the  remainder  by  the  hydrogen  of  the  water.  The  important  radio¬ 
active  nuclides  produced,  the  percent  of  the  neutron  capture 
leading  to  these  nuclides  and  the  induced  activity  per  kiloton 
are  given  in  Table  XIII,  Figure  7  shows  a  comparison  of  induced 
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TABLE  XII 


TYPICAL  MEDIUM* 


ELEMENT 

ABUNDANCE  BY  WT  % 

Si 

50 

A1 

14.5 

Pe 

9 

Ca 

6.4 

H 

5.1 

Na 

4.9 

K 

4.7 

Mg 

3.7 

Ti 

0.6 

P 

0.18 

Mn 

0.18 

• 

Co 

0.004S 

*  Mason,  Brian:  Principles  of  Geochemistry,  John  Wiley  & 
Sons  (l9SSj. 
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INDUCED  RADIATION  IN  SOILS 


C(ZURII=S)  RAY  I^SJl^RCrY'^ 


I  DAY  /  Wei=K  I 

/  MONTH  I  Y£AR 

T/Mh  IN  HOURS  SINCE  EXPLOSION 


INDUCBP  ANP  PISSION  PRODUCT  ACTIVITY  \/’S  TIMI£* 

FI&.  7 

f^PlOACTIYITY  ASSOCIATED  \A/ITH 
LNDER&FZOUNO  NUCLISAR.  EXPLOSIONS  UC/SrS^^Aa-a 
Off  CAUif^OfZfJ/A  LA\A/Q.]SKsr ^  ^6S3 

LABORATORY  fJUS/E  SS^  RADIATION 
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kAaoAA-roA/iss;  /we* 
t^OUKITAIKtSIbS,  W.  J, 


radioaotivity  to  fiaaion  prodttot  aotiuity  as  a  funotion  of  time. 
The  induced  aotiuity  contributed  about  after  1  ueeH  and  only 
0,2^  about  45  days.  Co®®  and  Fe^^  are  the  moat  troublesome 
in  uieia  of  their  relatively  long  half  life. 

The  induced  activity  in  the  soil  will  vary  with  the 
distance  from  the  oovolume  surface.  As  a  result  of  Plumbbob  ^ 
Observations  (16)  the  following  empirical  equation  was  devised 
to  give  activity  as  a  function  of  depth  in  the  soil: 

AotMty  =  X  .  joe-o.JJSJj  X  (44) 

Where  x  is  depth  in  cm. 

Figure  9  shows  a  plot  of  this  equation  with  the  funotion 
normalized  to  unit  activity  at  the  surface  of  the  soil.  This 
equation  ia  similar  to  the  thermal  neutron  flux  distribution 
pattern  and  should  represent  the  aottuity  distribution  for  those 
activities  produced  principally  by  thermal  neutrons,  Sinoe  the 
contribution  of  induced  activity  in  the  soil  to  the  total  radi¬ 
ation  dosage  is  extremely  small,  it  is  not  considered  a  problem, 

GROUND  WATER  CONTAMINATION 

The  degree  of  ground  water  contamination  depends  upon 
the  quantity  of  fission  products  released  and  the, chemical  compo¬ 
sition,  geology  and  hydrology  of  the  surround  earth.  Ground  water 
samplea  (1?)  collected  at  the  Nevada  Teat  Site  indicate  no  aig- 
I'ificant  increase  in  radiaaativity  above  tzuiHgrQund  since  the 
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LABORArORieS. 


LAiSORArORlBS^  4NC., 
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-66- 


Operation  Plumbbob  and  HardtaoH  underground  nuclear  explosions. 
This  is  attributed  to  the  formation  of  silica  glass  by  the  ex¬ 
plosion  and  the  ion  exchange  properties  of -fission  products  in 
normal  earth  minerals  and  the  nature  of  underground  uater  flow. 

The  absorption  or  exchange  of  fission  products  from  ground  water 
by  most  naturally  occurring  minerals  is  important  since  this 
mechanism  helps  to  retard  the  movement  of  the  fission  products. 

The  movement  is  predictable  in  terms-  of  the  hydrology  of  an 
area  and  the  distribution  coefficient.  The  latter  describes 
the  distribution  of  the  ion  of  interest  between  the  water  and 
the  mineral.  In  general,  ground  water  contamination  (15)  in 
testa  to  date  has  not  presented  any  serious  hazard. 

It  should  be  pointed  out  that  the  referenced  tests  were 
conducted  under  extremely  favorable  soil  conditions.  If  for  some 
reason  the  GASP  facility  mast  be  located  in  soil  with  an  unfavor¬ 
able  geology  and  hydrology,  ground  water  contamination  may  present 
a  problem  if  the  containment  is  breached  at  levels  in  whioh  ground 
water  are  encountered.  Another  possible  souroe  of  contamination 
of  the  ground  waters  may  be  a  result  of  induced  activity  of  the 
’soil.  For  this  hypothesis,  o  breach  of  the  containment  vessel 
is  not  necessary.  For  our  particular  circumstances  in  whioh  the 
covolume  may  be  of  the  order  of  15,000  feet  below  ground  level, 
there  is  little,  if  any,  chance  of  ground  water  contamination. 

CHEMICAL  REACTIONS 

The  primary  propellant  is  hydrogen  gas,  whioh,  as  a  resait 
of  the  nuclear  detonation,  will  contain  other  materials.  These 
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inolixde  the  fission  products,  vaporized  bomb  oomponenta  and 
struotural  materiala.  The  gaa  wtll  oonatat  of  ions  and  eJeotrons.. 
flji  the  high  initial  temperatare.  However,  as  the  temperature  de¬ 
creases  the  ions  and  eleotrona  will  reoombine  to  form  free  elements 
or  compounds.  The  formation  and  subsequent  reactions  of  these  com¬ 
pounds  are  of  particular  interest  for  determining  decontamination 
procedures.  There  is  a  strong  possibility  of  the  elements  in  the 
gas  aa  well  aa  the  oomponenta  of  the  walla  forming  hydrides  since 
they  are  in  contact  with  high  temperature  and  preasure  hydrogen. 

If  water  ia  present,  the  hydrides  could  react  to  form  oxides  and 
hydroxides,  Thia  reaction  would  greatly  influence  the  behavior 
of  these  materials. 

Underground  bomb  teats  (6)  have  demonstrated  the  formation 
of  a  number  of  chemical  oompounda,  Gaseous  hydrogen  and  some 
organics  were  found.  The  hydrogen  was  traced  to  the  decomposition 
of  water  and  organic  materials.  The  formation  of  CqHq  and 
were  probably  formed  from  the  materials  in  the  detonation  chamber 
auch  as  wood,  cable  installation  and  paraffin.  Under  ambient 
conditions,  the  gas  in  the  GASP  system  will  consist  of  hydrogen, 
water  vapor,  gaseous  fission  products  and  organics, 

nECONTAMINATIOlf 

Preliminary  studies  of  the  radiological  hazards  associated 
with  an  underground  nuclear  detonation  indicates  the  need  for 
effective  decontamination  procedures  since  the  facility  must  be 
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used  several  times  to  he  eoonomioally  praotioal.  Decontamination 
must  be  acoompliahed  in  a  minimum  of  time  and  within  established 
oonstrckints  of  health  and  safety*  Deoontamtnation  problems  in 
the  OAS.P  system  depend  to  a  large  extent  on  the  partlaular  seotion 
of  the  launching  system  under  consideration*  Decontamination  is 
discussed  considering  the  following  four  parts  of  the  system; 

(a)  Launching  Site  Area 

(b)  Shaft  and  CovoDme 

(c)  Propellant  Gas 

(d)  Treatment  of  Fission  Product  Wastes 
I*  LAUNCmm  SITE  AREA 

The  area  surrounding  the  launching  tube  should  be  designed 
to  facilitate  the  clean  up  of  radioactive  fission  products  result¬ 
ing  from  fallout  or  washout*  Among  the  factors  besides  those  of 
physical  and  chemical  nature  of  fallout  (18)  which  influence  the 
oontaminability  are  the  physical  and  chemical  characteristics  of 
the  site  surface.  Materials,  roughness,  porosity,  wettability, 
absorbability  and  chemical  reactivity  are  surface  properties 
affecting  the  retention  of  fission  products*  These  properties 
are  responsible  for  the  degree  to  which  a  contaminant  can  be 
loosened,  removed  and  transported  by  decontamination  processes 
and/or  the  weather  elements*  Materials  that  can  be  decontaminated 
most  readily  are  those  whose  surfaces  are  hard,  smooth,  non- 
porous  and  chemically  inert. 
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The  design  of  the  facility  should  include  such  items  as 
the  paving  of  the  area' around  the  shaft  with  a  hard^sloped  sivnfaoe. 
This  will  facilitate  the  scrubbing  of  the  surface  and  collection 
of  the  fission  products  in  drains  leading  to  drainage  basins, 
storage  tanks,  etc*  The  decontamination  properties  of  many 
surfaces  can  be  improved  by  a  protective  coating  which  seals  pores, 
smooths  rough  surfaces  and  imposes  barriers  between  the  base 
material  and  fallout  particles  that  wotzld  otherwise  combine  ohemi- 
oally.  The  leveling  and  clearing  of  the  more  distant  sections 
are  means  for  aiding  decontamination  operations.  In  some  oases, 
the  plowing  under  of  the  fallout  may  be  sufficient,  Here^  the 
basio  problem  is  the  effect  of  the  fission  products  on  the  natural 
environment  and  more  particularly  the  possibility  of  them  entering 
underground  waters. 

The  problems  encountered  in  decontaminating  the  area 
surrounding  the  shaft  are  similar  to  those  associated  with  cleaning 
up  after  a  bomb  drop.  Many  of  the  techniques  and  procedures 
devised  for  the  clean  up  of  test  areas  and  more  recently  airplane 
runways  are  applicable  to  this  part  of  the  system, 

A  variety  of  decontamination  methods  have  been  developed, 
Deoontamination  methods  oan  be  divided  into  two  basio  oategories: 
non’-destmxotive  deoontamination  and  surface  removal  deoontamination. 
Representative  methods  (lO)  for  each  of  these  categories  are  given 
in  Table  XIV,  An  overall  deaontamt^tion  system  may  use  one  or 
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RBPRBSEl-lTATIVE  METHODS  OF  DECONTAMINATION  (l9) 


more  of  these  methodst  individually  or  in  combination, 

II.  SHAFT  Aim  COVOLUm 

Deeentamination  of  the  shaft  is  neoesaary  for  reducing  the 
radiation  levels  to  permit  repairs  and  installation  of  the  oom- 
ponenta  for  the  next  unit.  Partial  decontamination  mast  also  be 
considered  since  it  may  be  desirable  to  clean  only  those  parts 
of  immediate  interest.  Design  features  might  include  the  coating 
of  the  steel  shaft  uith  a  liner  or  insert  of  a  material  on  which 
the  fission  products  will  deposit  and  later  removed  with  the 
liner.  Remotely  controlled  sand-blasting  may  be  feasible  for 
the  slightly  contaminated  parts.  Here,  there  is  a  definite  dust 
problem  and  therefore^  appropriate  precautions  must  be  taken. 

Other  means  include  washing  and  spraying^ utilizing  built-in  brush 
assemblies  for  scrubbing.  The  method  used  in  decontamination  and 
collection  of  the  fission  products  must  take  into  consideration 
the  process  for  their  ultimate  storage  or  disposal, 

III,  PROPELLANT  GAS 

After  firing,  the  gas  consists  of  hydrogen,  water  vapor 
(steam)  organics,  dust  and  gaseous  and  solid  fission  products. 
About  80%  of  the  elemental  fission  products  are  gases  at  room 
temperature.  The  gaseous  fission  products  include  xenon,  krypton, 
iodine,  halogen  acids  and  some  hydrides.  Knowledge  about  the 
fission  products  is  important  since  the  type  and  concentration 
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in  the  gaa  uiJl  dictate  the  mbaequent  treatment.  The  half-livea 
of  the  ftaaion  produota  vary  from  a  fraotion  of  a  aeoond  to 
thouaanda  of  years.  The  abort  lived  iaotopea  will  rapidly  become 
insignificant  and  are,  therefore^  unimportant  prooeaa^wiae.  The 
longer  half-life  iaotopea  ape  controlling  and  are  a  predominant 
factor  in  determining  the  uxiate  treatment  or  storage  prooeaa. 

The  duat  and  aaspended  solid  fiaaion  produota  can  be 
separated  from  the  gaa  using  modifications  of  the  methods  commonly 
used  in  industry.  These  include  oyolonesp  filters  and  scrubbing 
with  a  liquid.  The  selection  of  the  separation  method  depends  on 
the  quantity  of  gaa,  concentration  of  solids,  flou  rates  and  size 
of  the  particulate.  The  size  of  the  particulate  is  very  important. 
Under  OASP  conditions  the  size  may  be  very  fine,  thereby  requiring 
a  very  effective  separation  process.  However,  it  should  be  noted 
that  the  efficient  removal  of  extremely  fine  particles  from  a  gas 
stream  is  a  particularly  difficult  problem  in  that  specific  iao¬ 
topea  may  require  almost  oomplete  separation.  After  removal  of 
the  solids,  the  gas  can  be  reoyoled  or  sent  to  disposal  for  further 
treatment. 

The  most  troublesome  gaseous  fission  produota  are  the 
iodines,  particularly  iodine-131  (8,1  days  half-life),  Chemical 
methods  are  usually  used  to  remove  the  iodines  from  high  level 
gaseous  wastes.  These  include  reaction  on  silver  surfaces  and 
absorption  in  caustic  solutions.  Another  method  of  controlling 
the  iodine  hazard  is  to  store  the  isotope  long  enough  to  permit 


decay  to  an  aooeptable  level  before  releasing  the  gas. 

Several  prooeeaea  for  treating  the  propellant  gaa  are  shoun 
in  figure  9,  In  Prooeaa  A,  the  gaa  goes  to  air  disposal.  Here 
the  main  consideration  is  the  degree  of  hazard.  After  approximately 
70  days  most  of  the  gaseous  fission  products  have  decayed  to  an 
aooeptable  level  for  disposal  directly  to  the  atmosphere.  An 
accompanying  hazard  of  air  disposal  may  be  the  detonation  of  the 
hydrogen. 

The  gaa  in  Prooeaa  B  goes  to  a  unit  or  units  for  seleotive 
adsorption  and/or  absorption  of  the  fission  products.  Consider¬ 
able  experimental  information  is  available  for  the  removal  of 
gaseous  fission  products  from  gas  compositions  someuhat  similar 
to  those  of  the  OASP,  This  problem  uaa  studied  in  connection  with 
the  Aqueous  Homogeneous  Jteaotor  at  Oak  Ridge  National  Laboratory, 
After  removal  of  the  fission  pro<ktotSf  the  gaa  can  be  recycled  or 
sent  for  atmospheric  disposal. 

In  Prooeaa  C,  the  fission  products  are  condensed  and 
thereby  separated  'from  the  hydrogen  which  is  recycled  or  sent  for 
disposal.  The  fission  products  are  packaged  and  stored  for 
ultimate  disposal  or  use.  The  method  or  process  for  regenerating 
the  adsorber  or  absorber  will  determine  to  a  large  extent  the  beat 
means  for  the  subsequent  handling  of  the  fission  products. 

The  separation  of  the  fission  products  from  the  gaa  in 
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Prooeaa  D  dependa  on  the  oombuation  of  the  hydrogen  folloiaed  by 
gaa-ltquid  separation.  The  aolubility  of  the  fiaaion  produota 
in  the  aqaeona  my  preclude  the  uae  of  thia  prooeaa. 

The  preuioualy  mentioned  prooeaaea  are  to  illuatrate 
means  in  uhioh  the  gaa  oould  be  treated  ainoe  further  data  are 
required  before  a  oomplete  prooeaa  evaluation  oould  be  undertaken. 
Laboratory  experimenta  my  be  neoeaaary  for  supplying  these  data, 

IV,  TREATMENT  OP  WASTES 

Onoe  the  surrounding  area  and  shaft  are  deoontaminatedt 
the  fiaaion  produota  must  be  stored  or  treated  in  a  mnner  minimis^ 
ing  future  dangers.  This  oan  be  divided  into  tuo  parts,  namely, 

(1)  preliminary  treatment  or  storage  and  (2)  ultimte  storage. 

The  first  will  be  done  at  or  near  the  launching  site,  whereas 
ultimte  storage  oould  be  either  at  the  site  or  at  aome  distant 
radioactive  waste  disposal  drea.  Pretreatment  inoludea  methods 
of  oonoentrating  the  fission  produota  to  provide  more  efficient 
ultimte  storage,  Thia  treatment  includes  prooeaaea  such  as 
precipitation,  scavenging,  ion  exchange,  and  calcination, 

Ultimte  storage  includes  storage  as  a  solid  or  liquid  on  tanh 
farms,  in  deep  wells.,  in  salt  domes,  etc. 

The  type  of  decontamination  procedure  will  determine  to 
some  extent  the  utility  of  a  waste  treatment  method.  For  example, 
if  the  shaft  ia  cleaned  using  sand-blasting,  the  beat  procedure 
might  be  to  let  the  sand  and  the  fission  produota  fall  into  the 
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oooolwne  and  then  oooer  them  with  oonorete  and  ateel.  Another* 
oovoltme  at  a  alightly  higher  level  oould  then  he  oonstraoted  to 
allow  a  aabaeqaent  launohing.  In  any  oaae,  the  atvidy  of  waste 
treatment  should  follow  the  aeleotion  of  the  deoontamination 
methods. 


CLOSURE  DEVICE 

The  olosure  device  or  meohaniam  is  an  important  feature 
of  the  OASP  system,  A  properly  designed  olosure  system  will 
praottoally  eliminate  the  escape  of  fission  produota  without 
adverse  effects  on  the  propulsion  of  the  missile.  This  section 
suggests  several  approaches,  for  consideration,  as  methods  e/- 
feoting  closure.  The  mechanics  of  closure  can  be  broken  down 
into  three  principal  parts,  namely  (1)  actuation  of  closure 
device,  (2)  slowing  down  of  the  gas  and/or  sabot,  and  (3)  closure. 
The  following  sections  consider  each  part  separately, 

ACTUATION  OP  CLOSURE  DEVICE 

The  rapidity  of  olosure  requires  an  exact  timing  of  a 
sequence  of  operations  to  ensure  a  minimum  release  of  gas  and  yet 
not  tnterfer  with  the  motion  of  the  projectile.  There  are  several 
approaches  to  actuating  the  closure  device.  One  method  consists 
of  a  standard  electrical  or  mechanical  timer  which  is  started  by 
the  electrical  for  setting  off  the  nuclear  detonation. 

This  requires  an  exact  prediction  of  the  time  required  by  the 


projectile  to  reach  the  top  of  the  shaft*  It  is  extremely  doubt¬ 
ful  that  this  prediction  uould  be  sufficiently  accurate.  Improved 
accuracy  may  be  achieved  by  defining  time  zero  as  the  time  when 
the  missile  passes  a  particular  point  near  the  top  of  the  shaft. 
This  would  eliminate  the  uncertainties  in  predicting  the  moment 
of  initiation  of  motion  by  the  missile  and  the  initial  accelera¬ 
tion.  Ideally^  the  actuation  device  should  be  near  the  top  of 
the  shaft  and  be  actuated  as  a  result  of  the  passage  of  the  pro¬ 
jectile.  Such  a  device  can  he  baaed  on  one  or  more  of  the 
properties  of  the  system.  Some  possible  ideas  are  presented 
for  consideration,  (se  Figure  10). 

1)  Direct  Pressure  Measurement  -  The  shaft  pressure  is 
atmospheric  or  less  prior  to  passage  of  the  projeo- 
tile,  but  increases  rapidly  as  the  missile  ascends. 

A  blow  out  disc  or  a  pressure-sensing  element  would 
indicate  when  the  missile  passes  a  particular  point 
and  start  the  closure. 

2)  Bernoulli  Effect  -  The  velocity  of  the  gas  flow  may 
also  be  used.  The  gas  passing  by  a  vane  or  port  in 
the  side  of  the  shaft  will  decrease  the  pressure  in 
the  port.  A  differential  pressure  sensing  gage  may 
be  used  to  indicate  this  and  initiate  action. 

3)  Temperature  -  The  wall  temperature  increases  rapidly 
with  the  passage  of  the  missile.  This  can  be  used 
to  determine  when  the  missile  passes  a  particular 
spot. 
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4j  Meohanioal  -  The  reaming  of  the  aabot  or  the  phyatoal 
tripping  of  a  awitoh  oould  start  the  operation, 

5)  Othera  -  Theae  include  ayatms  baaed  on  electromagnetic 
radiation,  electrical  and  optical  properties.  In  these 
methods,  the  miaaile  oauaea  an  unbalance  of  acme  aort 
in  the  actuation  ayatem, 

SLOWim  DOVN  OP  SABOT  AND  OAS 

m 

If  the  ayatem  utilieea  a  aabot,  there  ia  the  choice  of 
permitting  the  aabot  to  exit  from  the  shaft  or  using  the  aabot  aa 
a  plug  to  help  contain  the  gaa.  The  latter,  although  more  diffi- 
oult  engineering-uiae,  ta  more  desirable  from  the  standpoint  of 
fission  product  containment.  The  bulh  of  the  gas  ia  behind  the 
aabot  and  if  it  oould  be  slowed  down  and  stopped,  this  would  give 
more  time  for  final  olomre  of  the  shaft. 

One  approach  to  slowing  down  the  aabot  ia  to  constrict  the 
ahaft  at  the  top.  Naturally,  the  diameter  of  the  aabot  would  be 
larger  than  that  of  the  miaaile,  A  modification  of  this  ayatem 
ts  shown  in  Figure  11,  Here  the  aabot  oonaiata  of  two  parts. 

When  the  miaaile  ia  near  the  top  of  the  ahaft  a  charge,  carried 
by  the  aabot,  detonatea.  The  explosion  aeparatea  the  two  stages 
of  the  aabot  and  helps  to  alow  down  the  first  a  tags.  In  principle , 
this  ia  very  simple,  but  the  weight  of  the  explosive  materials  ia 
a  problem.  For  example,  if  the  maaa  of  the  aabot  ia  about  equal 
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to  that  of  the  pay  ioad,  then  the  hinetio  energy  of  a  ten-ton  sabot 
traveling  at  40,000  feet  per  second  is: 

K,£,  =  1/8  ^  =  V-?  X  (40, 000 f  (45) 

K,E,  =  5  X  10^^  ft^lbS. 

This  does  not  inclwla  the  htnette  energy  of  the  missile  or  the 
propelling  gas,  A  ton  of  2WT  ts  equivalent  to  approximately  8,8  X 

Q 

10  ft-lbs  of  energy.  Thus,  the  hinetia  energy  of  the  sabot 
oorresponda  to  approximately  180  tons  of  TET,  This  assumes  that 
all  the  TNT* 8  energy  <5  used  to  slow  down  the  sabot.  The  weight 
penalty  may  out-weight  the  benefits  of  the  system.  Also,  there  is 
a  problem  of  finding  an  explosive  that  will  not  be  exploded  by  the 
initial  nuclear  detonation  blast  wave,  eto, 

A  ••hydraulto  plunger**  (Figure  18)  is  a  second  method.  In 
this  system,  the  sabot  has  a  larger  diameter  than  the  missile. 

When  they  arrive  at  the  plunger,  the  missile  passes  through  and 
the  sabot  is  trapped  at  the  entrance  to  the  plunger.  The  hinetie 
energy  of  the  sabot  is  used  to  force  the  liquid  throuffh  a  series 
of  porta  or  small  channels.  One  modt/toation  of  this  is  shown  in 
the  insert  in  Figure  23,  Before  the  sabot  httSp  the  top  of  the 
fluid  is  Just  even  with  the  bottom  retarder.  When  the  sabot 
reaches  the  plunger,  the  fluid  is  forced  through  the  holes  giving 
a  retarding  force.  The  size  of  the  holes  will  determine  the 
magnitude  of  the  force  and  would  be  designed  to  absorb  the  initial 
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ahoolt  to  effeottuely  alota  doim  the  aabot,  Thta  util  inoreaae  the 
available  time  for  effeoting  olosvtre  of  the  ahaftt  The  pressure 
inoreaae  in  the  liquid  or  the  release  of  the  fluid  through  a  port 
oould  be  used  to  actuate  the  closure  mechanism, 

• 

Another  system  utilieea  a  fluid  (water  or  oil)  surrounding 
the  shaft  behind  an  expendable  barrier,  (See  Figure  13)  The  aabot 
has  '*ean  openers*'  at  the  top  and  aooopa  near  the  bottom.  When 
the  aaobt  enters  this  section  of  the  shaft,  the  openers  destroy 
the  barrier  thus  allowing  the  aooopa  to  contact  the  fluid  slowing 
down  the  aabot  while  transferring  the  hinetio  energy  to  the  fluid. 
The  aooopa  function  exactly  as  the  "air  brahea"  used  in  the  Air 
Force* a  Teat  Sled,  The  purpose  of  Figure  13  is  merely  to  portray 
the  principle  of  utilising  a  "drag  force"  system  for  slowing  down 
a  aabot.  It  is  obvious  that  the  atreaaes  encountered  shall  be 
enormoua.  This  presents  a  serious  problem. 

If  the  system  does  not  have  a  sabot,  then  the  problem  is 
to  slow  down  and  contain  the  gas.  Sequential  throttling  (8)  is 
one  method.  Each  stage  effects  partial  closure,  thereby  reducing 
the  load  to  the  following  stage,  A  large  expansion  chamber  near 
the  top  of  the  shaft  also  has  advantages.  Here  a  series  of  louvers 
open  up  after  passage  of  the  missile  to  divert  part  of  the  gas 
atream.  The  expansion  of  the  gaa  in  the  chamber  reduces  the 
temperature  and  pressure  and,  thereby,  reducing  some  of  the 
closure  problems.  The  injection  of  a  stream  or  shower  of  water 


into  the  eyatem  may  haue  the  additional  adpantage  of  diluting 
the  oonoentration  of  fiaaion  product  in  the  gaa. 

CLOSim  OJR  SEALING- 

The  final  atep  of  the  olomre  procedure  ia  to  aeal  the 
shaft.  Sliding  wedges,  flapa  or  modifioations  of  these  are  means 
of  effecting  closure.  The  prime  requisite  ta  apeed  since  the 
closure  mast  be  made  in  times  in  the  order  of  0,01  second  unless 
some  additional  times  is  obtained  by  slowing  down  of  the  gases* 

The  use  of  an  explosive  is  one  way  of  ensuring  rapid  olosnres. 

The  explosion  causes  a  build-up  of  gas  pressure  and  ferses  the 
wedges  or  flaps  into  place,  The  detonation  ia  keyed  to  one  of 
the  actuation  syateme  deeoribed  previously,  figure  14  illustrates 
a  system  utilising  the  propellant  ffaa.  The  sabot  plugs  the 
shaft  and  at  least  temporarily  holds  bash  the  bulk  of  the  gas, 

£ome  of  the  gas  flows  through  channels  loeated  below  the  sabot 
and  forces  shut  a  system  of  sliding  wedges  or  flaps  to  effect 
oloaure*  After  sealing,  the  gas  should  bo  oontatned  for  o  period 
of  tine  to  permit  the  decay  of  the  short^-lived  fission  produots* 
The  temperature  and  pressure  of  the  gas  will  deoreass  during  this 
time,  then  the  gas  will  be  treated  by  one  of  the  prooessee  dis¬ 
cussed  in  the  section  on  decontamination, 

EXPERIMEimL  PROGRAM 

One  of  the  objectives  of  the  present  program  to  develop 
and  outline  an  experimental  program  for  studying  various  baaio 
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parameters  of  the  GASP  system.  The  ultimate  ••experiment is  a 
iKL.2ed  dou^n  firing  since  this  eliminates  many  of  the  test  wi- 
oertainties.  But  before  tahing  this  step,  laboratory  test,  if 
carefully  planned  and  conducted,  can  be  utilized  for  deriving 
qualitative  relationships  and  a  sounder  basis  for  the  design  of 
a  large  scale  test.  The  choice  of  the  experimental  approach  is 
important  if  the  results  of  the  investigation  are  to  be  of  value 
to  the  development  of  the  GASP  system, 

A  careful  investigation  of  many  experimental  techniques 
indicate  that  the  exploding  wire  phenomenon  shows  considerable 
promise  as  an  experimental  tool  and  as  such,  provides  an  excels 
lent  means  of  deriving  invaluable  data  pertinent  to  the  project. 
The  basis  for  this  recommendation  is  experimental  evidence 
reported  in  recent  literature  on  flow  fields  produced  by  exploding 
wires.  It  is  interesting  to  note  that  the  Committee  on  Cratering 
and  Rupture  (80)  reported,  ••—’developments  of  the  exploding  wire 
technique  for  the  production  of  explosive  pulses  and  controlled 
media,  such  as  plaster  of  paris,  should  be  utilized  for  the 
laboratory  investigation  of  the  cratering  and  rupture  zone  for¬ 
mation,  ••  This  technique  is  applicable  for  studying  such  problem 
areas  as  contamination,  oovolume  oharaoteristioa,  shaft  charac¬ 
teristics,  shock  waves  and  others, 

A  proposed  program  utilizing  the  exploding  wire  technique 
was  developed  and  submitted  under  separate  cover  to  the  Project 
Officer, 
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